Objectives. Past research has shown that parental longevity is related to offspring physical health and longevity. Preliminary studies suggest that parental longevity may be linked to the offspring's personality traits. A comprehensive 5-factor personality model has been related to physical health, but the association with parental longevity has not yet been investigated. We used a 5-factor personality model to investigate the relationship between parental longevity and offspring personality.
A N increasing body of research suggests that traits of a specific five-factor personality model may affect on physical health and are significantly associated with one's longevity. This five-factor personality model constitutes a comprehensive and widely replicated model of personality structure that describes personality along five broad dimensions-neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness-which comprises several individual facets (John & Srivastava, 1999) . Previous studies have suggested that high conscientiousness, extraversion, and low neuroticism are related to longevity and low mortality in a healthy aging sample (Friedman et al., 1995; Wilson et al., 2005; Wilson, Mendes de Leon, Bienias, Evans, & Bennett, 2004) , but the results were inconsistent for the association between agreeableness and openness to experience and longevity (Wilson et al., 2004) . Moreover, optimism (Scheier & Carver, 1985) has been linked not only with mental health status and subjective well-being but also with physical health (Giltay, Geleijnse, Zitman, Hoekstra, & Schouten, 2004; Tindle et al., 2009) such as lower all-cause mortality after a follow-up period of 15 years (Giltay et al., 2004) . In addition, other prospective cohort studies found that optimism was a strong predictor of survival in college students after 40 years of follow-up (Brummett, Helms, Dahlstrom, & Siegler, 2006) and older men after 10 years of follow-up (Kubzansky, Sparrow, Vokonas, & Kawachi, 2001) . Personality may represent underlying genetic and neurophysiological mechanisms that directly affect health outcomes (Figueredo et al., 2005; Kim & Kim, 2011) . In addition, certain personality traits shared by long-lived people, such as low neuroticism and high extraversion and conscientiousness (Martin et al., 2006; Masui, Gondo, Inagaki, & Hirose, 2006) , may also have strong genetic components (Figueredo et al., 2005) . In relation to behavior, conscientiousness, which includes competence, self-discipline, and deliberation, predicts mortality in young to middle-aged (Friedman et al., 1995) and elderly individuals (Wilson et al., 2004) . These individuals are more likely to exhibit healthy behaviors such as regular exercise and are less likely to exhibit unhealthy behaviors such as excess drinking and smoking (Bogg & Roberts, 2004) , thus creating a personality-mortality causal relationship. Higher levels of conscientiousness have also been found to predict better health outcomes in a large longitudinal study (Turiano et al., 2012) and higher physical function (Tolea et al., 2012) .
From an emotional standpoint, neuroticism (which includes anxiety and depression) is associated with decreased longevity in older adults (Wilson et al., 2004 (Wilson et al., , 2005 . Individuals with higher neuroticism are more likely to have poor mental health (Davis, Ralevski, Kennedy, & Neitzert, 1995; Jerram & Coleman, 1999) and depression (Weinstock & Whisman, 2006) , and this may also influence their morbidity and mortality. On the other hand, being optimistic and extroverted (Marshall, Wortman, Vidkers, Kusulas, & Hervig, 1994) may have a positive influence on health and survival via stress reduction. The serotonin transporter gene (5HTT-LPR) has been linked to anxietyrelated personality traits and may play an important role (Munafò, Clark, & Moore, 2003) . A study of genetic variation in centenarians also supported the influence of positive emotional traits (Gondo, Hirose, & Arai, 2005) . High heritabilities have been reported for these traits with estimates ranging between 61% for openness, 44% for conscientiousness, 53% for extraversion, and 41% for agreeableness and neuroticism (Jang, Livesley, & Vernon, 1996) . In Friedman's follow-up study (Friedman et al., 1995) , differences were found between men and women and longevity. For men, they found that neuroticism was marginally related to longer life, whereas for women, it predicted a slightly higher risk of death. Conscientiousness, on the other hand, predicted longevity for both men and women.
Moreover, studies suggest that parental longevity may be associated with children's personality and longevity and may also have a differential influence on the personality traits of male and female offspring. For instance, Furukawa and colleagues (1998) suggested that the fathers of elderly men with depression had died at a significantly younger age than those who did not experience depression. In addition, it has been suggested that parental longevity is associated with cognitive functioning, overall well-being (Yashin et al., 2010) , and optimism, (Rius-Ottenheim et al., 2011) strengthening the role of genetic and/or environmental factors across generations influencing longevity. In the study by Yashin and colleagues (2010) , causality appeared bidirectional, with parental longevity having a positive effect on cognitive functioning and well-being, and cognitive functioning and well-being also predicting parental longevity. Moreover, in a study of personality traits conducted by Givens and colleagues (2009) , the offspring of centenarians had distinctive characteristics that may have had important implications for their longevity. The data suggested that the offspring of centenarians demonstrated greater extraversion and lower neuroticism and that the female participants also showed greater agreeableness. It may be that higher extraversion and lower neuroticism are associated with health benefits, such as greater subjective well-being, vitality, and longevity and also has the ability to manage or regulate stressful situations more effectively. Taken together, the previous results suggest that parental longevity may have an effect on offspring psychological traits, but this association has not been thoroughly explored using the five-factor personality model and examined separately by offspring gender (Waddell & Jacobs-Lawson, 2010) .
In addition, as human longevity runs in families (Atzmon et al., 2004; Bocquet-Appel, & Jakobi, 1990; Herskind et al., 1996) , the identification of the heritable components that may predict an extended life span is an important aim of recent studies (Christensen, Johnson, & Vaupel, 2006; RiusOttenheim et al., 2011) . Assuming that long-lived families are more likely to share common phenotypes, it is plausible to link information on intermediate psychological phenotypes measured in offspring with longevity measured in parents. Using a cross-generational design, we set out to investigate the association between parental longevity and offspring's personality traits of optimism, openness to experience, conscientiousness, extraversion, agreeableness, and neuroticism taking into account potential differences by gender.
Method

HRS Cohort
The Health and Retirement Study (HRS) has recruited a nationally representative sample of U.S. residents. Details of the sampling procedure can be found elsewhere (Heeringa & Connor, 1995) . Briefly, the HRS cohort has recruited ageeligible participants from selected private households. The first interviews were conducted in 1992 with repeated interviews taking place every 2 years through 2010.
Study Population
The HRS sample used in this study has been elsewhere described in greater detail. In brief, from the initial respondents to the baseline interview (n = 13,525), respondents who did not fulfill the eligibility criteria for inclusion in this study-that is, the reported parental death age was less than 50 years (n = 2,072) or had a last living recorded age of less than 90 years (n = 1,792)-were excluded from the analysis. The cutoff points used for study inclusion were based on the notion that excluding parents who had died prior to 50 years old would exclude premature deaths or deaths unrelated to aging and age-related diseases. Two random samples of participants, one in 2006 and the other in 2008, were administered a self-reported psychosocial questionnaire, which included questions on participation in general activities, relationships with others, and views on participants' lives in general as well as specific aspects of their life. To investigate the association between personality traits and parental longevity, we report on respondents' psychological and covariate data in the eighth (2006) and ninth waves (2008) of interviews along with the recorded parental death age until these waves. The respondents who did not complete any of the personality scales were excluded from the analysis. Sixty percent of the sample (n = 5,864) had information on the psychosocial scales: 2,996 (51%) respondents from wave 2006 and 2,868 (49%) respondents from wave 2008. A comparison between the participants who were included in the study and those excluded suggested that there were no differences with regards to their scores on all the personality scales. However, participants excluded were more likely to be women (p = .01) and be younger (p < .01) compared with those included in the analysis.
Psychological traits
The "five-factor" personality traits (Cronbach's alpha for this sample presented after each scale; neuroticism: α = 0.72, extraversion: α = 0.74, agreeableness: α = 0.78, conscientiousness: α = 0.66, and openness to experience: α = 0.79) were assessed using the Midlife Development Inventory (MIDI) personality scales (Lachman & Weaver, 1997) . These dimensions were measured using self-ratings of 26 adjectives and respondents indicated the degree to which they endorsed such items as "outgoing," "organized," "caring," and "nervous" among other items, rating each one on a 4-point Likert scale (ranging from 1 to 4). Each score was calculated by obtaining the average of the ratings defining that dimension. The final score within each dimension was set to missing if more than half items had missing values. Cronbach's alpha estimates of internal consistency for each scale have been reported elsewhere ranging from 0.58 to 0.80 (Lachman & Weaver, 1997) . Further information about the psychological measures can be found in the HRS psychosocial manual (Clarke, Fisher, House, Smith, & Weir, 2008) .
Optimism was assessed using the modified life orientation test-Revised (Scheier, Carver, & Bridges, 1994 ; coefficient of reliability [Cronbach's alpha = 0.70]). The test consists of 6-items with 3 items assessing optimism and the other 3 assessing pessimism (Kivimäki et al., 2005) . Coefficient alpha estimates (from 0.85 to 0.87) have been reported elsewhere (Eid, Matthews, Meland, & Johnsen, 2005; McPherson & Mohr, 2005) . In studies with older adults, Sharpe, Hickey, and Wolf (1994) noted a lower alpha coefficient of 0.54. All these coefficients are adequate for the reliability and validity of the test used in the study. Respondents were asked to rate each item on a 6-point Likert scale indicating the degree to which they agreed with items such as "in uncertain times, I usually expect the best." The three optimism scores were summed and the score was set to missing if more than 1 item was not answered. Higher values indicate optimism with values ranging from 3 to 18.
Parental longevity
During the interview at every wave, participants were asked whether one or both parents were still alive, and for each parent, the actual age was asked; if the parent had died, the age at death was also recorded. Long-lived parents were identified if their last recorded age based on their offspring' reports was 90 years old or older, intermediate lived if their last recorded age based on their offspring' reports was between 74 and 90 years old, and short lived if parents were reported to have lived until they were 74 years old or younger.
Measurement of Covariates
Sociodemographic variables included age, gender, race/ ethnicity (white/other), and marital status (married/not married). Educational attainment was categorized as no high school degree/degree. Measures of income (gross nonhousehold) and wealth in dollars were also adjusted for in the analyses.
Statistical Analysis
Maternal and paternal attained age was the main predictor variable in regression models fitted separately. The following models were fitted: (a) the unadjusted and (b) the adjusted model (adjusting for age, gender, ethnicity, education, income, maternal years of education, paternal years of education, wealth, and marital status). The models were weighted using HRS sampling weights (Wallace & Herzog, 1995) to account for the complex multistage survey design, which includes individual nonresponse, sample clustering, and stratification using STATA 11 (StataCorp LP, College Station, TX). To examine potential gender differences in the association between personality traits and parental attained age, the gender by maternal and paternal longevity interactions were tested in separate regression models. Statistical significance was considered as p < .05. Table 1 shows the descriptive statistics for the covariates and the personality scales used in the analyses presented by offspring gender. Education did not differ significantly between male and female offspring. Age, wealth, income, and ethnicity differed between male and female offspring with male offspring being more likely to be older, have higher income and female offspring being more likely to be from a white ethnic background. Male offspring were more likely to be married and have mothers with higher education compared with female offspring. Optimism and openness score did not differ between the two genders. Female offspring had higher levels of conscientiousness, extraversion, agreeableness, and neuroticism. Correlational analysis revealed that optimism was significantly positively correlated with the other personality scales (Pearson r coefficients ranging from 0.19 to 0.26) and father's attained age (r = .02) and was negatively correlated with neuroticism (r = -.28) and with the participants' age (r = -.04). Neuroticism was negatively associated with all the other scales (Pearson r coefficients ranging from -.13 to -.28), participants' age (r = -.07), and maternal and paternal attained age (r = -.02 and r = -.04, respectively). Openness to experience was positively correlated with all the personality scales (r ranging from .24 to .56) and negatively correlated with neuroticism (r = -.21) and participants' age (-.13). Conscientiousness was positively correlated with all the personality scales (r ranging from .19 to .56) and negatively correlated with neuroticism (r = -.25) and participants' age (-.09). Agreeableness was positively correlated with all the personality scales (r ranging from .19 to .58) and negatively correlated with neuroticism (r = -.13) and participants' age (-.04). Extraversion was positively correlated with all the personality scales (r ranging from .24 to .56) and negatively correlated with neuroticism (r = -.20) and participants' age (-.08).
Results
descriptive Results
Regression Analyses
In the unadjusted models, there was a decrease of 0.03 points on the neuroticism (p < .01) and an increase of 0.02 points on the openness to experience (p < .01) scales per additional decade of maternal age. An increase of 0.03 points and of 0.02 points on the optimism (p = .01) and on the openness to experience (p < .01) scales, respectively, per additional decade of paternal attained age was seen. A marginally significant increase of 0.01 points on the conscientiousness (p = .05) scale was observed per additional decade of paternal attained age.
In the fully adjusted models, no significant associations were observed between the personality scales and maternal attained age. A significant increase of 0.03 points in optimism (p = .02), an increase of 0.02 points on the openness to experience (p < .01), and an increase of 0.01 points on the conscientiousness (p = .03) scales per additional decade of paternal attained age remained (Table 2) ; this means that even after adjusting for important covariates, the effect of paternal longevity on the specific personality traits was still significant.
Gender differences
The gender by maternal and paternal longevity interactions were tested in separate regression models. In the gender by maternal longevity analyses, there was no evidence of interaction effects for agreeableness (p = .12), neuroticism (p = .48), and optimism (p = .25). A significant interaction effect of gender by maternal longevity was found for extraversion (p < .01), conscientiousness (p = .02), and openness to experience (p = .02). There was no evidence of interaction observed in the gender by paternal longevity analyses (results are not shown in table). In separate analyses for men and women, the scores for the above scales remained significant for men only for openness to experience (p < .01) and extraversion (p = .03; Table 3 ).
Discussion
Using a nationally representative sample from U.S. adults, we investigated the association between parental longevity and personality traits of male and female offspring. We found that male children were more open to experience and extroverted compared with men whose parents were not long lived. There was no association between parental longevity and the personality of the female offspring. Our results expand on the few previous studies that have assessed the association between parental longevity and offspring personality. Although other studies have shown that women's longevity is more heritable than men's (Cournil & Kirkwood, 2001 ; Cournil, Legay, & Schachter, 2000; Kemkes-Grottenthaler, 2004b), our results suggest an association between father's and mother's longevity and son's personality traits, which suggests possible gender differences in the patterns of inheritance. Rius-Ottenheim and colleagues (2011) showed that parental longevity correlated with offspring's optimism, whereas another study (Givens et al., 2009 ) of centenarian parents and their offspring showed that the latter had lower levels of neuroticism and higher extraversion compared with norm scores. A previous study using data from a large family-based cohort study, the Long Life Family Study (LLFS; Yashin et al., 2010) , showed a link between parental longevity and specific endophenotypic characteristics of the offspring. The term endophenotype (EP) was first used to describe a trait that may be intermediate on the chain of causality from genes to phenotypes/traits (Goldberg, 1993) . Parental longevity predicted values of these EPs and the association with maternal longevity was more prominent. You and colleagues (2006) have shown a significant association between father's and son's longevity and between mother's and daughter's longevity, but a weak association between father's and daughter's longevity. In our study, we found no evidence of any association between mother's or father's longevity and daughters' personality.
Moreover, as our results suggest that parental longevity may be associated with the personality traits of the male offspring only of the sample, this leaves us to consider different potential genetic or environmental pathways for the link between maternal and paternal inheritance and the personality traits by gender of the offspring. In addition, differences in the effect of maternal and paternal longevity have been reported in several studies. Strong paternal inheritance of longevity (Bocquet-Appel & Jakobi, 1990; Philippe, 1978) has been suggested by some studies, whereas in other studies, maternal lineage of longevity has been more profound (Kemkes-Grottenthaler, 2004a; Korpelainen, 1999) . In the study by Rius-Ottenheim and colleagues (2011), maternal longevity was found to be slightly more associated with offspring's optimism. Consistent with previous findings (Brand, Kiely, Kannel, & Myers, 1992; Yashin et al., 2010) , these results suggest that there may be gender-specific transmission of heritable factors on longevity.
Previous studies (Costa, Terracciano, & McCrae, 2001; Feingold, 1994) have shown that men and women consistently differ in these main personality dimensions, especially in openness to experience and agreeableness across different points in life span. This finding implies that biological and sociocultural factors responsible for this gender differentiation do not diminish in older ages and that personality traits are relatively stable across life span. An explanation that has been suggested for the gender differences in extraversion may be the temperamental and emotional nature of this trait. Temperament has a biological or genetic basis, but it may also be affected by environmental factors (Rothbart & Bates, 1998) . In addition to extraversion, openness may also emerge as a longevityrelated personality trait, though not consistently. Higher openness has previously been reported in both the Japanese Centenarian study (Shimonaka, Nakazato, & Homma, 1996) and the Georgia Centenarian study (Martin et al., 2006) . Our findings are consistent with these studies. We could speculate that higher imaginativeness and openness to new experiences would help the individuals to adapt to new experiences, such as personal losses (friends, family, health, function) that could occur in advanced age. Further study is needed to confirm the effect of openness on longevity and its potential relation to mortality. With regards to the negative personality traits, such as neuroticism, as Mroczek and Almeida (2004) have noted, the neuroticism association with mortality may be explained by higher sensitivity to stress in neurotic individuals. Neuroticism is associated with greater exposure and reactivity to stress (Bolger & Schilling, 1991) and the physical effects of stress may also explain the association between neuroticism and mortality. This hypothesis is supported by studies showing that older adults especially those high in neuroticism were more emotionally reactive to daily stressors than younger or midlife adults. A lifetime of high neuroticism and its concomitant stress sensitivity may be the cause of physical damage to the cardiovascular system, leading to mortality (Mroczek & Almeida, 2004) . This is the first study to report on the associations between parental attained age and offspring personality examining the five-fundamental personality traits individually for men and women of the sample. It may be possible that there is a genetic pathway linking parental longevity and offspring personality traits through different inheritance patterns but further investigation is needed on this topic. Particular examples of inherited differential differences from mothers and fathers involve, among others, sex chromosomes and mitochondrial DNA (mtDNA). In mammals, autosomes and X chromosomes are inherited from both mothers and fathers, but there is an unequal inheritance of the Y chromosome (Y NPAR ), which is transmitted exclusively from fathers to sons. There is some evidence suggesting that genes carried by the X chromosome and the Y NPAR are involved in regulating aspects of brain function and behavior (Curley & Mashoodh, 2010) . In addition, there have been reports that occasionally some mtDNA of paternal origin is transmitted to offspring (Wolff & Gemmell, 2008) . These polymorphic variations in mtDNA have been associated with variations in human personality traits (Kato et al., 2004) . Therefore, mothers and fathers may not contribute equally to the development of their offspring. In addition to the inherited genetic factors, there may also be inherited differences in the epigenetic regulation of genes, which may potentially influence behavior and personality (Curley & Mashoodh, 2010) .
Moreover, it is important to investigate further the link between EPs and longevity, which has mainly focused on the identification of those personality traits that could act as an intermediate factor on the chain of causality from gene to psychiatric or other diseases. Apart from the genetic pathway, an increasing body of evidence suggests that certain environmental factors in the childhood environment, such as parental warmth and financial security, may act as a determinant of both parental longevity and offspring's positive personality, such as optimism (Heinonen et al., 2006) . However, some limitations need to be taken into account when considering the interpretation of these results. First, it should also be noted that this is an observational study and therefore it is not possible to discern causal relationships. Follow-up data on offspring longevity could perhaps verify the association with parental longevity and the potential mediating role of the personality traits. Further, with regards to previous findings suggesting that personality traits continue to change through lifetime, it has been shown that changes in the mean levels of personality traits were found in a meta-analysis of 92 longitudinal studies covering an age range from 10 to 101 years (Roberts, Walton, & Viechtbauer, 2006) . As in some cross-sectional studies, statistically significant change was found in 75% of the personality traits in middle age (40-60 years) and old age (60 plus years). Evidently, this shows that personality traits continue to develop in adulthood and future longitudinal studies investigating the relationship between parental longevity and children's personality should take this factor into account.
Moreover, it should also be noted that the effect sizes are small, indicating that the amount of variance in personality explained by parental longevity may be limited. Additional analyses comparing offspring of short-lived to long-lived parents showed similar results (data not shown).
In our study, we tried to limit measurement error by selecting a widely used personality scale with good reliability and validity.
In addition, due to lack of more extensive data on parental lifestyle, we have not controlled for such lifestyle factors such as smoking, work-related exposures, or other healthrelated issues, which have been suggested as playing an important role in determining the actual age of death of the parents (Yashin et al., 2010) .
In conclusion, this is the first study to show an association between parental longevity and the personality of male offspring. We took a comprehensive approach by looking at the five-factor model of personality separately for each gender. Our findings suggest that personality is an important phenotype to include in studies that examine genetic and environmental determinants of longevity and there may be gender-specific familial transmission mechanisms. More studies are therefore needed to further investigate this association and shed more light on the potential causal pathways and the understanding for these mechanisms. Follow-up of the offspring could also facilitate the comparison for gender-related diseases and longevity.
Correspondence
Correspondence should be addressed to David Llewellyn, PhD, Department of Epidemiology and Public Health Group, Peninsula Medical School, University of Exeter, UK. E-mail: david.llewellyn@pms.ac.uk
